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composition and its use 



(57) The present invention provides: a water- 
absorbing composition such that portions containing the 
water-absorbing composition in a high concentration 
exhibit excessive-liquid permeation buffering effects in 
absorbent articles comprising the water-absorbing comr 
position and hydrophil'ic fibers; and a use of this water- 
absorbing composition. The water-absorbing composi- 
tion comprises a water-absoibent resin and an exces- 
sive-liquid permeation buffer, wherein the water-, 
absorbent resin is a product by a process including the 
step of further crosslinking the surface vicinity of a 
crosslinked polymer, and this water-absorbing composi- 
tion is characterized by having a liquid permeation buff- 
ering index of not less than 0.4 and exhibiting an 
absorption capacity of not less than 25 g/g in absorbent 
structures under load, and further having an average 
partide diameter in the range of 200-600 ^m, wherein 
the ratio of partteles having particle diameters smaller 
than 106 fim in the water-absorbing composition is not 
more than 5 weight %. This water-absorbing composi- 
tion is, for example, used for the absort>ent articles com- 
prising the water-absorbing composition and the 
hydrophilic fibers. 




Q. 
UJ 



PnntBd by Xerox (UK) Business Semes 
2.16.7 (HAS)/33 



BNSDOCIO: <£P 107263041 J.> 



EP 1 072 630 A1 

Description 

BACKGROUND OF THE INVENTION 
5 A TPrHNICAL FIELD 

[00011 The present invention relates to a water-abscrbing composition and its use. 

Ft Rj^ntcr; POUND ART 



' rooo21 in recent years water-absorbing agents such as water-absorbent resins are widely used as co^ipone^^^^^^^^ 

' » ^.nffc 'fS^a DUB) are also desi^d to exhibit the tollowhg pertormanoea; a large absorption 

'^S^^^^J^^^T^t;^ «. <^ l«o abso«»m a;™ctu|aa. '^'T^ZSTre'^"'' 

' Sihr^nk^^h-oTrs^raS^s^^ 

the diffusion rate of the aqueous liquid in the absorbent structure. 
40 SUMMARY OF THE INVENTION 

OBJECT Q I^THF INVENTION 

rooosi An object of the present invention is to provide: a water-absorbing composition such ttiat P^^'^^^?^"^^"^ 
position. 

p n|Qn | n<^l tRF OFT HP INVENTION 

^ rooodl The present inventors made various studies to solve the above problems. As a result ttiey ^o""^ ^^tft fe 
the following properties: 
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(1) The water-absorbing composition exhibits excellent water absorption properties in absorbent articles compris- 
ing the water-absorbing composition and hydrophific fibers. 

(2) The water-absortding composition has a high liquid permeation buffering index, and can prevent the diffusion 
(buffer the excessive permeation) of aqueous liquids in the case where the resin concentration is high. 

5 (3) If high resin concentration portions are placed on the periphery of the absorbent article as j^ecited in (1 ) above, 

then the aqueous liquid can be prevented from leaking out from edge portions of the absorbent article when an 
aqueous liquid is injected in a targe quantity at once into the absorbent article. 

[0010] Accordingly, the present invention relates to a water-absorbing composition, which comprises a water- 
10 absorbent resin and an excessive- liquid permeation buffer, wherein the water-absorbent resin is a product by a process 
including the step of funhe' crosslinking the surface vicinity of a crosslinked polymer, with the water-absorbing compo- 
sition being characterized by having a liquid permeation buffering index of not less than 0.4 and exhibiting an absorption 
capacity of not less than 25 g/g in absorbent structures under load, and further having an average particle diameter in 
the range of 200^-600 pm. wherein the ratio of particles having particle diameters smaller theui 106 pm in the water* 
15 absorbing composition is not more than 5 weight %. The present invention further relates to an absorbent article, which 
comprises the above water-absorbing composition according to the present invention. 

[0011] Incidentally, the above water-absorbing composition according to the present invention has an average par- 
ticle diameter in the range of 200-600 pm, and the ratio of particles having particle diameters smaller than 106 pm .ih 
the water-absorbing composition is not more than 5 weight %. 
20 [0012] These and other objects and the advantages of the present invention will be more fully apparent from the 
following detailed disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 [0013] 

Fig. 1 is a schematic section of a measurement apparatus as used for measuring the liquid permeation buffering 
index, which represents one of performances of the water-absorbing composition according to the present inven- 
tion, and further measuring the absorption capacity of the water-absort^ent resin under load. 
30 Fig. 2 is a schematic section of a measurement apparatus as used for measuring the at)sorption capacity of the 
water-absorbing composition in absorbent structures under load which represents one of performances of the 
water-absortDing composition according to the present invention; 

Fig. 3 is a schema of an absoriDent structure as used for an absorbent article according to the present invention. 

35 DETAILED DESCRIPTION OF THE INVENTION 

[0014] Hereinafter, the present invention is explained in detail. The liquid permeation buffering index in the present 
Invention Is a new physical property value for evaluating the prevention of the diffusion of aqueous liquids (excessive- 
liquid permeation buffering effects) when the water-absorbing composition comes into contact with the aqueous liquids 
40 in a state where the basis weight (resin concentration) of the water-absorbing composition is high and where particles 
of the water-absorbing composition closely cohere by external force. 

[0015] Incidentally, in the present invention, the liquid permeation buffering index of the water-absorbing composi- 
tion, the absorption capacity of the water-at>sorbing composition in absorbent structures under load, the absorption 
capacity of the water-absorbing composition or water-absorbent resin without load, the absorption capacity of the 
45 water-absorbent resin under load, and the average particle diameter were measured in the following ways. 

(a) Liquid permeation buffering index: 

. [0016] Hereinafter, first, the measurement apparatus as used for measuring the liquid permeation buffering index 
so is simply explained while refen-ing to Fig. 1. 

[0017] As is shown in Fig. 1 . the measurement apparatus comprises: a balance 1 ; a container 2 of a predetermined 
capacity as mounted on the balance 1 ; an air-intake pipe 3; a conduit 4; a glass fitter 6; and a nr>easurement section 5 
as mounted on the glass filter 6. 

[0018] The container 2 has an opening 2a on the top and an opening 2b on the side. The air-intake pipe 3 is 
55 inserted through the opening 2a, and the conduit 4 is fitted to the opening 2b. Incidentally, the container 2 is filled with 
a predetermined amount of 0.9 weight % aqueous sodium chloride solution (hereinafter referred to as physk>logical 
saline solution) 11. 

[0019] In addition, the lower end part of the air-intake pipe 3 is submerged in the physiological saline solution 1 1 . 
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The air-intake pipe 3 is set to keep the internal pressure of the container 2 sut«tantially constant (atmospheric pres- 
[oSil The glass filter 6 is fom,ed in a diameter of 70 mm. The container 2 and the f^f 

STe'bo..^ ... .he s.pp».n, cv»n«, a; . «elg« .0. The ^^^-^ S'^r:^™" 

k^Tcan unJSrmTbe applied to the metal gauze 9. namety. to the water-absorbing composrt.on 
,5 fo^2] lieZid pTmeation buffering index was measured with the measurement appa«tus hav.ng the above 
constitution. The measurement method is hereinafter explained forexamole a predetermined amount of 

30 the following equation: 

Liquid pemieatlon buffering index = 10/{(weight W , (g)y(weight (g) of water-ab8ort,ing composition)} 

ing to the present Invention is used in high resin concentration in absorbent articles. 

(b) Absorption capacity of water-absort)lng composition In absorbent structures under load: 

"g"e IMd pe^^^^^^ buffering index are used, and the explanation -h s^^°'- .s om j^. 

» porting w-e oylnder .3 Is 1om.ea in Inner me«u™™nB <« 100 » J^^^^^, ,3, „aiurtnerlh« 
an eb.«ben. structure « ^tT^SiTslSa^u*,^^^^^^ Th. ot.«rconetitutl«, 

rtntr :S:S'rSSr„?t:rrr r .rret^^^^^^^ ™— appa-u. « .n..eu« the 

ured Witt, the meaeuren^nt appamtns havtng the ^^^^^^ 
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used for sanitary materials such as disposable diapers, were mixed together in a dry manner with a mixer. ISIext, the 
resultant mixture was shaped into a web of the size of 100 mm x 1 00 mm, and then this web was pressed under a pres- 
sure of 2 kg/cm^ (= about 196 kPa) for 1 minute, thus obtaining an absorbent structure having a basis weight of 0.047 
g/cm^. 

5 [0032] Furthermore, to measure the absorption capacity of the hydrophilic fibers alone in the absorbent structure 
under load, a blank absorbent structure was produced in the following way. First, wood-pulverized pulp (as hydrophiKc 
fibers) was shaped into a web of the size of 1 00 mm x 1 00 mm, and then this web was pressed under a pressure of 2 
kg/cm^ (= about 196 kPa) for 1 minute, thus obtaining an absorbent structure having a basis weight of 0.0235 g/cm^. 
[0033] First, the predetermined preparatory operations for the measurement apparatus were made. Next, the paper 

10 filter 7 was mounted on the glass filter 6. Then, the supporting square cylinder 13 was mounted on the paper filter 7 
such that the center line of the supporting square cylinder 1 3 would conform with that of the glass filter 6. 
[0034] Thereafter, the absorbent structure was mounted in the supporting square cylinder 13, namely, on the paper 
fitter 7, and then the weight 10 was mounted on this absorbent structure. Incidentally, the operations of mounting the 
absorbent structure and the weight 1 0 were quickly made. 

15 [0035] Then, the weight of the physio logk^ saline solution 11 , as absorbed by the absorbent structure over a 
period of 60 minutes since the absorbent structure had been mounted on the paper filter 7, was measured with the bal- 
ance 1. incidentally, the weight of the physiological saline solution 1 1, as absorbed by the absorbent istructure which 
was a mixture of the water-absorbing composition and the hydrophilic fibers, was denoted by (g): and the weight of 
the physiologk^al saline solution 1 1, as absorbed by the blank absorbent structure of the hydrophilic fibers alone, was 

20 denoted by W3 (g). 

[0036] Then, the absorption capacity (g/g) of the water-absortDing composition in absorbent structures under load, 
as of 60 minutes after the initiation of the absorption, was calculated from the above weights W2 and W3 in accordance 
with the following equation: 

Absorption capacity (g/g) of water-absorbing composition in absorbent structures under load = 
(weight W 2 (g) - weight W3 (g))/(weight (g) of water-absorbing composition) 

[0037] Incidentally, the absorption capacity of the water-absorbing composition In absorbent structures under load, 
30 as determined by the above operations, indicates the extent of the actual absorption capacity in the case where the 
water-absorbing composition according to the present invention is used in absort>ent artk^les. 

(c) Absorption capacity without load: 

35 [0038] First, 0.2 g (= weight Wq g) of water-absorbing composition (or water-absorbent resin) was uniformly placed 
imo a nonwoven-fabric-made bag (60 mm x 60 mm) and then immersed into physiological saline solution at room tem- 
perature. Thirty minutes later, the bag was drawn up and then drained at 250 G (250 cm/s^) for 3 minutes with a centri- 
fuge, and the weight W4 (g) of the bag was then measured. On the other hand, the same procedure was carried out 
using no water-absorbing composition (or no water-absort>ent resin), and the resultant weight W5 (g) was measured. 

40 Thus, the absorption capacity (g/g) without load was calculated from the above weights Wq, W4 and W5 in accordance 
with the following equation: 

Absorption capacity (g/g) without load = (weight W4 (g) - weight Wg (g))/(weight Wq (g)) 

45 (d) At)sorptton capacity of water-absorbent resin under load: 

[0039] The weight We (g) of physiologk^al saline solution 1 1 , as absorbed by the water-absorbent resin over a 
period of 60 minutes, was determined from a value as measured with the balance 1 by the same method as the afore- 
mentioned one used for measuring the liquid permeation buffering index, except that the water-absorbent resin was 
so substituted for the water-absorbing composition. 

[0040] Then, the absorption capacity of the water-absori3ent resin under load, as of 60 minutes after the initiation 
of the water absorption, was calculated from the above weight (g) and the weight of the water-absorbent resin (0.9 
g) in accordance with the following equation: 

^ Absorption capacity (g/g) of water-absorbent resin under load = (weight 

(g))/( weight (g) of water-absorbent resin) 
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(e) Average part'icte diameter: 



r0041] The particle diameter distribution of the water-absorbing composition, the water-absorben restn^^ and he 
water absortint resin precui^or was measured with JIS standaol screens comprising mesh opening s^es of 850 
60?iL^ 50*um 425 ^m. 300 ^m. 1 50 ^im. and 1 06 urn respectively and receivers. Then the average part.de d«n^er 
Z ^ deSned from the measured particle diameter distribution and the values of the mesh open.ng s«es wrth a 

loC'^nrdlTiMhTc^s^ih^^ the partc.es had a narrow unKorm parttele diameter distribution (such as cla^ 

s^d nto 500-425 ^m) and where a plurality of JIS standard screens were not present ben^een "PP- f ^ ^ 

Of the parttele diameter distribution, the average of these upper and lower limits 0" the above example. 463 pm) was 

iSSSr "^^hrmTns'ro^S'e water-absorbing composHion according 1. the '--^^^^^ 
Smrterbut can fitly be set ^rding to uses. Specifically, the water-abso*ing composrtion .s a ob^K.^^^^^ 
pr«:ess Suding the steps of: polymerizing a hydrophilic unsaturated monomer to obta.n a crosslmked Poh^e^J^^;- 
t^^^o^lSna the surface vicinity of the resultant crosslinked polymer to obtain a water-absorbent resin; and then 
'r^TxinTtS ^suC w^^^^^ resin with an excessive-iiquid permeation buffer. The crosslinked polymer herein 

ac^ling to the present invention, include a hydrophilto crosslinked polymer ^^^^"^ , ?^°"t^2n 

hv^hiL crosslinked polymer is. for example, a product by a process including the step of {co)poh^merizing (he«Hn- 
««lSl^ed toXolv ^ ilymerizing) a hydrophilfe unsaturated monomer including a major proportion of acryhc acid 

Trs nsTm^T^^SZ-'SO mol «/of the add groups of the crosslinked polymer are in the fomi of neutralized 
sa JT suras alka^^^^^ ammonium satts. and amine salts. This neutralization of the acid 9~"PJ^^;^X 

r^ Zt a manner such that the hydrophilic unsaturated monomer is neutralized in 'f^ P^P^J^^" '^te.S 
Lon of the polymerization reaction to obtain the crosslinked polymer, or that the acid group of the resultant 
crosslinked polymer is neutralized in the course of the polymerization reaction or after its end. 
mwsi re above hydrophilic unsaturated monomer may further comprise unsaturated monomers f « 
STve acryfc acid and its saMhereinafter referred to as other monomej^). If ^^f. 
Zhcr monomers indude" anionic unsaturated monomers and their salts, such as methacrylic acid, maleic acid, vinyi 
^^^n^rr J^eniulio^^^^^ 2-(meth)acrylamido-2-methylpropanesulfonic acid, 2-(meth)acryloylethanesu«onic 
ac^and 2 IXcXl^^^^^^ acid; nonionc unsaturated monomers induding a hydrophilic group, su* as 

aclr^We t^thSamw7N-ethyl(meth)acryl^^^^ N-n -propyl(meth)acrylamlde. N-fP-PV' meth)acry^.de 
N N ZethVl7meth)ac^ 2-hyd oxyethyl (meth)acrylate. 2-hydmxypropyl (meth)acrylate. rriethoxypolyethy^ene 

lcoT7meS acS^ P^^^^^ mono(meth)acrylate. vinylpyridlne. N-vinylpyrrolidone. N-acnrtoylpHpendine. 

l^Tll^^^^S^Tc^Xlonic unsaturated monomer, such as N.N-dimethylaminoethyl ^'--^^)^;^'!*^^- 
SfethvlaminShS (meth)acrylate. N.N-dimethylaminopropyl (meth)acrylate. N.N-d.methylaminopropyl(meth)ac2rta. 
J^fd?and S quaSary salts. However, there Is no especial limitation thereto. When these other monorners are also 
S' the iTumSe" ons preferably not larger than 30 mol %. more preferably not larger than 1 0 mol 'A. of the total 

SiS^'^'^rwrer^^^^^^^ whk.h is a product by a process inducTing the step of PO« 

KShilic?nsrrated monomer, has a carboxyl group. When the water-absorbent res.n precursor P~J"^* « f 
S^sSe to"nJ^ce a crosslinking structure into Internal portions using an internal-cross hnlong agent Th^ "te^^'- 
crosSrnking aTnt is not especially limited if It is a compound which has at least two reactive S^°"P^- ^^^^'^^ 
r^meS; unsaturated group and/or a carboxyl group, per molecule. In otherwords. aoompound 

suSents copolymerizable and/or reactable wrth the hydrophilic unsaturated monomer. PJl"!^^^^-^"^^"' 
^^ JT!^6^^i^^rZ.r^^^^ monomer may comprise a self-crosslinking type compound whx* is formable into a 
crosslinkina structure even If no intemal-crosslinking agent is used. ... . ...v , /.,«Krt«.th 

foMT^ sSS examples of the intemal-crosslinking agent Indude: N.N'-methyleneb«(meth)acryl^ de poly)eth- 

fr^Lrnai rroi inking aaents may be used either alone respectively or In combinatons with each other. Among the 
LroTSnfntem^SiLg agents, the use of those whid, have at least two polymerizable unsaturated 
fZls ^^uTZ further imprxSe such as absorption properties of the resultant water-absorbing composmon. 
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[0046] The amount of the internal-crossllnking agent as used is preferably in the range of 0.005-3 mot %. more 
preferably 0.01 -1 .5 mol %, of the hydrophilic unsaturated monomer. Both in the case where the amount of the internal- 
crosslinking agent is smaller than 0.005 mol % and in the case where the amount of the internal-crosslinking agent 
exceeds 3 mol %, the water-absorbing composition having desirable water absorption properties might not be obtained. 

5 [0049] Incidentally, when the water-absorbent resin precursor is produced by the process including the step of 
polymerizing the hydrophilic unsaturated monomer, hydrophilic polymers may be graft-polymerized, and further, chain 
transfer agents, such as hypophosphorous acid (and its salts), and water-soluble or water-dispersible surfactants may 
be added into the reaction solution. 

[0050] The method for polymerizing the hydrophilic unsaturated monomer is not especially limited, but conventional 

10 methods such as aqueous solution polymerization, reversed-phase suspension polymerization, bulk polymerization 
and precipitation polymerization can be employed. Particularly, methods in which the hydrophilic unsaturated monomer 
is polymerized in their aqueous solution, namely, aqueous solution polymerization and reversed-phase suspension 
polymerization, are preferable for the easiness of the control of the polymerization reaction and for the performance of 
the resultant water-absorbing composition^ 

IS [0051] The concentration of the aqueous solution of the monomer components In the above polymerization 
method, in other words, the ratio of the monomer components In their aqueous solution, is not especially limited, but is 
preferably not lower than 1 0 weight %, more preferably in the range of 1 0-50 weight %, still more preferably in the range 
of 15-40 weight %. In addition, the reaction conditions such as reaction temperature and reaction time may fitly be set 
' according to factors such as composition of the monomer components as used, and are therefore not especially limited. 

20 [0052] In addition, the polymerization of the hydrophilic unsaturated monomer may involve the use, for example, of: 
radical polymerization Initiators, such as potassium persutfate, sodium persulfate, ammonium persulfate, t-butyl 
hydroperoxide, hydrogen peroxide, and 2.2'-azobis(2-amidinopropane) dihydrochloride; radk^al photopolymerization 
initiators, such as 2-hydroxy-2-methyl-1-phenylpropan-1-one: or active energy rays, such as ultraviolet rays and elec- 
tron beam. In addition, when oxidizing radical polymerization initiators are used, redox polymerization may be carried 

25 out using reducing agents, such as sodium sulfite, sodium hydrogensulfite, ferrous sulfate, and L-ascorbrc acid, jointly 
with the oxidizing radical polymerization initiators. The amount of the above polymerization initiator, as used, is in the 
range of preferably 0.001 -2 mol %, more preferably 0.01 -0.5 mol %. 

[0053] As to the water-absorbent resin precursor obtained by the above polymerization method, its particle diame- 
ter is arranged by operations such as drying, pulverization, and classification. If necessary. The water-absorbent resin 
30 precursor may have various shapes such as spherbal shape, scaly shape, irregular pulverized shape, fibrous shape, 
granular shape, bar shape, approximately spherk^al shape, and flat shape. 

[0054] The process for producing the water-absort>ent resin precursor preferably includes the step of arranging the 
particle diameter of the water-absorbent resin precursor by repeating operations such as pulverization and classifica- 
tion such that the average particle diameter can fall into the range of 200-600 ^m, and that the ratio of particles having 

35 particle diameters smaller than 106 fim can fall into the range of not more than 5 weight %, more preferably not more 
than 3 weight %, still more preferably not more than 1 weight %. In the case where the average particle diameter of the 
water-absorbent resin precursor is larger than 600 \ut}, there are disadvantages in that the ratio of coarse particles in 
the resultant water-absorbing composltton is so high that the coarse particles give users an uncomfortable feeling when 
the water-absorbing composition is practically used for absorbent articles. In addition, in the case where the average 

40 particle diameter of the water-absorbent resin precursor is smaller than 200 ^un, there are disadvantages in that such 
a small average particle diameter involves the increase of the ratio of partk^les having particle diameters smaller than 
1 06 yjn. In addition, in the case where the ratio of particles having particle diameters smaller than 1 06 \3um in the water- 
absorbent resin precursor is more than 5 weight %, openings in absorbent structures are clogged with fines particles, 
therefore it might be difficult to obtain the water-absorbing composition which exhibits a high absorption capacity in 

45 absorbent structures under load. Particularly, in the case where the ratio of particles having particle diameters smaller 
than 1 06 |xm is more than 5 weight %, powder dust occurs, so there are disadvantages in respect to working environ- 
ment. 

[0055] The water-absorbent resin, which is used In the present invention and is a product by a process including 
the step of further crosslinking the surface vicinity of the water-absorbent resin precursor, is obtainable by a process 

50 including the step of treating particles of the above water-absoriDent resin precursor in the presence of a surface- 
crosslinking agent, thereby surface-crosslinking the particles of the water-absorbent resin precursor. Examples of the 
surface-crosslinking method include a method comprising the step of heating the water-absort^ent resin precursor with 
either one of the below-mentioned first and second surface-crosslinking agents, or in the presence of a surface- 
crosslinking agent which comprises a combination of the first and second surface-crosslinking agents. Particulariy. it is 

55 preferable that the surface-crosslinking treatment is carried out in the presence of the surface-crosslinking agent which 
comprises the combination of the first and second surface-crosslinking agents. The above surface-crosslinking can 
increase the crosslinking density of the surface vicinity of the water-absorbent resin particles to a higher one than the 
crosslinking density of internal portions of the water-absorbent resin partk:les, and therefore can give a water-absorbing 
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composition which exhibits a high absorption capacity in absorbent structures under load. 

[0056] The surface-crosslinking agent is a compound reactable with the carboxyl group of *e ^^^"^^^ 
resin precursor and preferably comprises a combination of a first surface-crosslinking agent and a second surface 
crosslK agent whose solubilrty parameters (SP values) are deferent from each other. Incidentally, the above so u- 
hl^rnarlmeter is a value as commonly used as a factor indicating the polarity of compounds. The values of solubility 
niSrSete^o cSS) of^oTvl^ disclosed on pages 527-539 of Polymer Handbook. 3rd edrtion (published 
bXtY^N^SsS^NCEra^^^^^^ to the above solubility pammeter in the present inverrtion. In addition valu^. 
as^pS t^sSty par^^^^^ as not disclosed on the above pages, are led by subst.tut.ng HoyJ oohe- 

J^renerg^co^^^^^^^ disclosed on page 525 of the Polymer Handbook above, for Small's equatron as disclosed on 

°r aS:L~.r;Ling agent . preferably a compound which ^ rea«^.e w^^^he -rb^ 
nrauD of the water-absorbent resin precursor and has a solubility parameter of not less than 1 2.5 (cal/cm ) (0^256 
?S% morpr^f^rS^^^^^ 13.0 (cal/cmV« (0.0266 (J/m^)^'^). Specrfic examptes of the ftrst surfece- 

i^ss nk tg agen^rncl^e^et^^^^ glycol, propylene glycol, glycerol, pentaerythrltol. sorbitol, ethylene carbonate 0^^^^ 
dSJo r2 one) and propylene ca*onate (4-methyl-1 .3-dioxolan-2-one). but the first surface^jrosslrnking agent .s not 
SmSd to th^e c^^^^^^ These first surface-crosslinking agents may be used e'lther alone respectively or .n combi- 



SssT ThTab^l'n-^.nd surface-crosslinking agent is preferably a compound which -<.abje w;^^3;^| 
arouo of the water-absorbent resin precursor and has a solubility parameter less than 12^5 (cal/cm ) JO- 0256 
more preferably in the range of 9.5 to 1 2.0 (cal/cm3)i« (q.OI 94 to 0.0246 (J/my^). Specftc exannples of the 
itond sur^-c'r^trnking agent include diethylene glycol, triethylene g^col. ^^^[^f -J-^^^^^^^^ 
trinroovlene alvcol 1 3-butanediol. 1 .4-butanediol. 1 ,5-pentanedlol. 2.4-pentanediol. 1 .6-hexanediol. 2.5-hexar^edio^. 
IZ^SZo^^e. diethanolamin;. iriethanolamine. ethylene gVcol diglycidyl ether, polyethylene 9'^^°' d-gyc.^ 
jrerTceXoVglyc-.^^^ ether, diglycerol polyglycidyl ether, polyglycerol polygVcidyl ether propylene 9^oo\6^^\ 
SSJ Sropylene^lycol dig^cJlyl ether, ethylenediamine. diethylenetriamine. 

dit^an^ 4Tdle^hyl-1.3-d-^^^^ epichlorohydrin. and epibromohydrin. but the second surfa<^os^^k^ 

Sg^er? nofSediJo these compounds. These second surface-crosslinking agents may be used ether alone 

resoectlvelv or in combinations with eacli other. o..rfa/-« 

00591 The amount of the surface-crosslinking agent as used depends on the compounds as used as the su^ce- 
Sking^gentor on combinations thereof, but preferab^r in the range of 0.01 to 5 weight parts of the fi^t su^J^^ 
r^Snk na aoent and 0 001 to 1 weight part of the second surface^rossfinking agent, and more preferably in the 
inS 0 ? to 2 we^ht par^ oHhe first'surface-crosslinking agent and 0.005 to 0.5 weight parts of the second surt«^. 
Tr^Sinkina aqerper 1 00 weight parts of the solid content of the water-absorbent resin precursor. The use of the sur- 
SSSrSnkCagem^^^^^^^ alu'nt larger than the above ranges is unfavomble. because such an amour. ^ not only 
"eco— but also excessive to the fom^ation of the optimal crosslinklng ^^J^^^ ZT^Tr^ t 
Lrtition in the case where the amount of the surface-crosslinking agent as used is smaller than the above ranges, a 
ml^b; diu "o 0^ composition which exhibits a high absorption capacity ,n absorbent 



SSS Xen the water-absorbent resin precursor and the surface-crosslinking agent are mixed together water is 
orSblv u^ed as a s^ent The amount of Ler as used depends upon such as type or particle diameter of the water- 
«LtoSJ^t^eriS pr^ursTr but is preferably in the range of 0 to 20 weight parts (but not including 0 weight parts) mo.;e 
pJef^S ■^Z'^^7oTt:'o weight'parts. per Too weight parts of the solid content of the water-absorbent resrn 

^T"' In adrfrtton when the water-absorbent resin precursor and the surface-crosslinking agent are mixed 
Ser a hydropic o^nic solvent may be used as a solvent, if necessary. Specific examples o the hydroph^c 
3nic so^vlnt nclude- lower alcohols such as methyl alcohol, ethyl alcohol, n-propyl alcohol. '^oP'^W'^'^^i^'' 
a coh^ -^tu^^^oU and t-butyl ak:ohol; ketones such as acetone; ethers such as dioxane t^^JVdrofum^^ 
Skoxvporethyiene glycols; amides such as N.N-dimethylforniamide; and sulfoxides such as dimethyl sutfoxWe. The 
^ri3 c^f SXdro?Wlic organte solvent as used depends upon such as type or particle dimeter of the water-abso*- 
Tt rSn precursor, but is preferably not terger than 20 weight parts, more preferably .n the range of 0.1 to 10 weight 
oarts per 1 00 weight parts of the solid content of the water-absorbent resin precursor. .*,^^««.i„b 
foSa In addmon examples of methods for mixing the water-absorbent resin precursor and the surface-cros^ink- 
Sent trgiher induS a method comprising the steps of dispersing the water-absorbent resin P«c"«°;'hto^^^ 
above-exeS^^^^^ hydrophilte organic solvent, and then mixing the resultant dispersion with the ^^^J^e-f/^^^'"^^^^^ 
;2nt Horever the mixing method is not especialV limited. Preferable among various mixing methods is a rnethod 
Sis^rthr^tep oTsZmg or dropping the surface-crosslinking agent (as dissolved in either one or both of water 
hydroph^^?^^^^^^ W neciary) directly onto the water-absorbent resin precu^or. thus m^mg them _ 

loiS A mSng ^paratus as used to mix the water-absorbent resin precursor and the surface-crosslinking agent 



8 



r.<BP. 



1072a30AlJ_> 



• 



• 



EP 1 072 630 A1 

together (this mixing apparatus is hereinafter referred to as "mixing apparatus a") is desired to have great mixing power 
to homogeneously and surely mix them. Preferable examples of this "mixing apparatus a" include cylinder type mixers, 
double-wall cone type mixers. V-character-shaped mixers, ribbon type mixers, screw type mixers, fluidized-furnace 
rotary disk type mixers, gas current type mixers, twin-arm kneaders, internal mixers, pulverizing type kneaders, rotary 
5 mixers, screw type extruders, and turblllzers. 

[0064] After mixing the water-absorbent resin precursor and the surface-cross linking agent together, a thermal 
treatment is carried out to crosslink the surface vicinity of the water-absorbent resin precursor, thus obtaining a water- 
absorbent resin. The treatment temperature in this thermal treatment depends upon the suiface-crosslinking agent as 
used, but is preferably in the range of 80 to 250 as the temperature of the materials or heating medium. In the case 

10 where the treatment temperature is lower than 80 *C, there are disadvantages In that no unifbmi crosslinking structure 
is formed and it is therefore impossible to obtain the water-absorbing composition which exhibits a high absorption 
capacity in absorbent structures under load, and further in that a long time is needed for the thermal treatment, there- 
fore the productivity is lowered. In the case where the treatment temperature is higher than 250 there are disadvan- 
tages in that the water-absorbent resin precursor is degraded, therefore the performance of the water-absoibing 

15 composition is deteriorated; 

[0065] The above thermal treatment can be carried out with conventional driers or heating furnaces. Examples of 
the driers include channel type mixing driers, rotary driers, disk driers, fluidized-bed driers, gas current type driers, and 
infrared drierS; 

[0066] The excessive-liquid permeation buffer, which is a component of the water-absorbing composition according 

20 to the present invention, is not especially limited if it is such that when the water-absorbing composition comes into con- 
tact with aqueous liquids, for example, particles of the water-absorbing composition can closely cohere to prevent the 
aqueous liquids from flowing between the particles (exhibit excessive-liquid permeation buffering effects). However, the 
excessive-liquid permeation buffer is preferably in the form of fine partteles such that the viscosity of a 1 weight % aque- 
ous solution of the excessive-liquid permeation buffer as measured under conditions of 25 ^C. pH = 7. and 25 rpm with 

25 a Brookfield rotating viscometer (hereinafter referred to as 1 weight % aqueous solution viscosity) (as to an excessive- 
liquid permeation buffer which is not soluble in water, the viscosity is measured in a state where the excessive-liquid 
permeation buffer is dispersed in water) is not lower than 1 Pa • s, more preferably not lower than 5 Pa • s, still more pref- 
erably not lower than 1 0 Pa • s. Fine particles which exhibits a 1 weight % aqueous solution viscosity lower than 1 Pa • s 
have disadvantages In that a large amount of excessive-liquid permeation buffer needs to be added and therefore dete- 

30 riorates the uniform mixability when mixed with the water-absorbent resin. Specific examples of the excessive-liquid 
permeation buffer which is finely particulate include organic fine particles such as cellulose derivatives (e.g. carboxyme- 
thyl cellulose, hydroxyethyl cellukDse, and hydroxypropyt cellulose), starchy starch derivatives, poly(ethylene oxides), 
poty(vinylpyrroiidones), poly(acrylic acids) (and their salts), and crosslinked poly(acryric acids) (and their salts). Among 
them, the poly(acryric acids) are preferable, and the crosslinked poty(acrylic acids) are more preferable for enhancing 

35 the gel stability. In addition, the above-exemplified excessive-liquid permeation buffers may be used either alone 
respectively or in combinations with each other. 

[0067] In addition, in the case where inorganic fine particles whk:h exhitMt a 1 weight % aqueous solution viscosity 
lower than 1 Pa«s, such as bentonlte, silicon dioxide, titanium oxide, and aluminum oxide, are used as the excessh^e* 
liquid permeation buffer, although the cause is not clear, if the gel strength is weakened by enhancing the absorption 

40 capacity of the water-absorbent resin without load before the water-absorbent resin is mixed with the excessive-liquid 
permeation buffer, then it becomes easy to exhibit the excessive-liquid permeation buffering effects. However, in the 
case where the gel strength is weakened by excessively enhancing the absorption capacity without load, there are dis- 
advantage in that the absorption capacity of the water-absorbent resin under load might also be deteriorated, resulting 
in the deterioration of the absorption capacity in absorbent structures under load. Accordingly, before being mixed with 

45 the excessive-liquid permeation buffer, the water-absorbent resin needs to be welt-balanced with regard to the absorp- 
tion capacity without load and the absorption capacity under load, and is preferably a water-absorbent resin exhibiting 
an absorption capacity of not less than 37 g/g without load and an absorption capacity of not less than 32 g/g under 
load, and more preferably a water-absorbent resin exhibiting an absorption capacity of not less than 40 g/g without load 
and an absorption capacity of not less than 32 g/g under load, and still more preferably a water-absorbent resin exhib- 

50 iting an absorption capacity of not less than 42 g/g without load and an absorption capacity of not less than 32 g/g under 
load. 

[0068] In addition, high-molecular poiycations are also usable as excessive-liquid permeation buffers which are in 
the fonm other than the fine particles. Specific examples thereof include polyethylenimine having a weight-average 
molecular weight of not lower than 2.000. 
55 [0069] The above excessive-liquid permeation buffers may be used either alone respectively or in combinations 
with each other. 

[0070] The average particle diameter of primary particles of the excessive-liquid permeation buffer can fitly be set 
according to uses, but is preferably not larger than 1/5, more preferably not larger than 1/10, still more preferably not 
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larger than 1 /20, of the average particle diameter of the water-absotbent resin so that the water-absorbing composition 
can favorably exhibit a high liquid permeation buffering index. In the case where the average particle diameter of ttie 
exissive-liquid permeation buffer is larger than 1/5 of the average particle diameter of the water-absorbent resin ti,ere 
are disadvantages in that the affinity between the excessive-liquid permeation buffer and the aqueous liquid is so low 
that it takes a long time to exhibit excessive-liquid permeation buffering effects. 

[00711 The mixing ratio between the water-absorbent resin and the excessive-liquid Pef^eation birffer is not espe- 
ciallv limited but the ratio of the excessive-liquid pemieation buffer is preferably in the range of 0.001 -20 we ght parte, 
more Serably 0.01-10 weight parts, still more preferably 0.02-5 weight parts, per 100 weight parts of the watej^ 
rsor^enmsin In the case ^ere the ratio of the excessive-liquid permeation buffer is lower than 0.001 weight parts 
pri?o lTght parts of the water-absort^ent resin, the below-mentioned liquid pemieation buffering index cannot be 
E^provedTaddition. in the case where the ratio of the excessive-liquid pemieation buffer Is more than 20 weight pa^ 
pTi 00 weight parts of the water-absorbent resin, excessive-liquW pemieation buffering effects are exhibited in absort,- 
eZ smictures having a resin concentration of 20-50 weight %. with the result that the water absorption properties of 

the absorbent structures are deteriorated. . • r 

[00721 Preferable examples of a mixing apparatus as used to mix the water-absort,ent resin and the e'^'^e^-J^- 
uid permeation buffer together (this mixing apparatus is hereinafter referred to as -mixing apparatus b ^y^'"^^^ 
type mixers, screw type mixers, screw type extruders. turt)ilizers, Nauta mixe.3. V-character-shaped mixers, nbbon type 
^xel^ ILTri-am, knVaders. fluidizing type mixers, rotary disk type mixers, roll mixers, and tumbling type mixers. The 

= '''tZ^e: TZ "^l^Z mixing the excessive-liquid pemieation buffer with the wa.er-a..o*ent resin 
Se: a method involving dry blend; a method involving dry blend and then granulation with water: a method i^^^^^^ 
drv blend and then heat fusion: a method which involves mixing after dispersing the excessive-liqu.d permeation buffer 
Tnto an aqueous solution: and a method which involves mixing in a state of an emuteion containing the above-«cempl. 
ied hydrophilic organic solvent. Among them, the method involving dry blend and the '"^^'^'"S J^^^^^^^ 

hen adding and rSixing water or an aqueous liquid including water and the above-exemplified hydroph.hc organic sol- 
vent and then granulation with water are preferable. In addition, the excessive-liquid pemieation buffer may be d^s- 
sS;d or dtepersed into the above-exemplrfied surface-crosslinking agent, thereby adding the excessjve-liquKl 
oermeation buffer simultaneously with mixing the surface-crosslinking agent into the water-absorbent resin precursor 
rooTAf TTwlL-absorbing composition obtained in the above way. has a liquid permeation buffenng index of pre^- 
erabJ not lesJ than 0.4, more preferably not less than 0.5, still mora preferably not less than 0.6. mos^ preferably not 
ri In 0 7 1^^^^^^ case where the liquid permeation buffering index of the water-absorl^ing composmon « less ttian 
Ta the effeci or the water-absorbing composition to prevent the aqueous liquid from diffusing (excessive-liquid pemie- 
ifon buStg el^e^ris not exhibited, therefore even if absort^ent structure portions containing the water-absort,ing 
composers a high concentration are placed on the periphery, it is dlffteult for the absorbent structure porfons to 
SSSsLivlSi^^^^^ pemieation buffering effects, and liquid leakage from edge portions easily occura m the use for 

Z^? '^^'ZmT^toT^^r.a^so.t^^ns compos«ton according to the present invention, the absorption capac- 
rinhe water absorbing composition in absorbent structures under load Is preferably not less than 25 g/g. more p ef- 
e^ablv norTess than 28 ^9. stiH more preferably not less than 30 g^g. In the case where the absorption capacity o tt^e 
water-aSS compoSL in absorbent structures under load is less than 25 g/g. there are disadvantages in^t ^e 
wel bacrmightTncreie in the use for diapers, with the result that babies' (wearera") buttocks might lack a dryness feel- 

ro076r"t'SiSn%e water-absorbing composition, according to the present invention exhibits an at^orption 
Sty of preferably not less than 35 g/g. more preferably not less than 40 g/g. without load. In the case where the 
abSon capacity of the water-absorbing composition without load is less than 35 g/g. not only is the ab«>rpton 
capaS of the water-absorbing composition in absorbent structures under load low. but also a large quantrty of wate^ 
^Sg composition Is needed for obtaining a desired absorption capacrty in abso*ent f ^»^«-^^^^VT.h tiat 
Jsadvartages^n that the concentration of the water-absorbing composition in the absorbent ^'^tures is so high that 
the diffusion of aqueous liquids is hindered also in portions where the diffusion of aqueous liquids is needed 
foorn Furthermore, it is preferable that the water-absort^ing composition according to the present .nvenhon has an 
Se partSe ^^eter In the range of 200-600 ^m. and that the ratio of particles having part^x^e '^^-'^-J-f^^^ 
tTan 1 06 urn in the water-absort,.ng composition is not more than 5 weight %. more preferably not more than 3 weight 
% sti mo^preferably not more than 1 weight In the case where the average parttele diameter of the water-absorb^ 
inn corTpoitfon is larger than 600 nm. there are disadvantages in that the ratio of coarae particles is so high that the 
coarae paS give users an uncon^ifortable feeling when the water-absorbing composition is practically used for 
Solvent artfcfes in addition, in the case where the average particle diameter of the water-absorbing composition is 
Sia^r than^rurn, there are rfisadvanteges In that such a small average particle diameter involves the increase of 
th^^^iVorpa^cleThaving particle dlametera smaller than 1 06 pm. In addition, in the case where the ratio of partcles 
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having particle diameters smaller than 106 urn in the water-absorbing composition is more than 5 weight %, openings 
in absorbent structures are clogged with fines particles, therefore the absorption capacity of the water-absorbing com- 
position in absort>ent structures under load might be so low as to cause leakage. Particularly, in the case where the ratio 
of particles having particle diameters smaller than 106 \m\ is more than 5 weight %, powder dust occurs, so there are 
disadvantages in respect to working environment. 

[0078] Fig. 3 is a schema showing an embodiment of the present invention. The absort>ent structure 31 comprises 
hydrophilic pulp (hydrophilic fibers) and the water-absorbing composition according to the present invention, This 
absorbent structure is preferably an absorbent structure having side edge portions 32 and 33 aind a central portion 34. 
[0079] The side edge portions of the absorbent structure are outer peripheral portions having a certain width from 
edges of the absorbent structure. The side edge portions may be either ail or part of the outer peripheral portions of the 
absorbent structure. In addition, the width of the side edge portions is preferably not more than 3 cm, more preferably 
not more than 2 cm, still more preferably not more than 1 cm. 

[0080] The central portion of the absorbent structure is the portion other than the side edge portions of the absorb- 
ent structure. 

[0081] The respective resin concentrations of the side edge portion and the central portion is not especially limited, 
but preferably there is a difference between the resin concentrations of the side edge portion and the central portion. 
When there is a difference between the resin concentrations of the side edge portion and the central portion, it is pref- 
erable that the resin concentration of the side edge portion is in the range of 51 -98 weight %, and the resin concentra- 
tion of the central portion is in the range of 5^50 weight %, and it is more preferable that the resin concentration of the 
side edge portion is in the range of 61-90 weight %. and the resin concentration of the central portion is in the range 
of 1 0-45 weight %, and it is still more preferable that the resin concentration of the side edge portion is in the range of 
71-80 weight %. and the resin concentration of the central portk>n is in the range of 15->'40 weight 
[0082] Incidentally, if the above absorbent structure comprises a mixture of hydrophilic fibers and the water-absorb- 
ing composition according to the present invention as main components, then this absorbent structure may further com- 
prise such as thermoplastic resins or binders, and is not especially limited. 

[0083] In addition, the use of the absorbent structure is not especially limited, but the absorbent structure is prefer- 
ably used for absorisent articles comprising such as a liquid-penrneable sheet, a liquid-impenmeable sheet, and a tape 
fastener. When the absorbent structure is used for absorbent articles, aqueous liquids (e.g. body fluids) as absort>ed 
from the central portion diffuses into the side edge portions. The side edge portions contain the water-absorbing com- 
position according to the present invention in such a high concentration that the diffusion of the aqueous liquids is inhib- 
ited to prevent the liquid leakage from the side edge portions. 

[0084] If the absort3ent artble of the above const'rtution is used for disposable diapers, then the resultant disposable 
diapers involve so little wet back and liquid leakage as not to give wearers an uncomfortable feeling, because the water- 
absorbing composition according to the present invention has a liquid permeation buffering index of not less than 0.4 
and exhibits an absorption capacity of not less than 25 g/g In absorbent structures under load, and further has an aver- 
age partide diameter in the range of 200--600 ^m, and further because the ratio of partteles having particle diameters 
smaller than 1 06 pm in the water-absorbing conrpositlon is not more than 5 weight %. 

[0085] Furthermore, it has been found that the absorbent article involving the use of the water-absorbing composi- 
tion according to the present invention makes weak bonds between particles or between particle and fiber when 
absorbing aqueous liquids, and is therefore also excellent in the shape retainability. 

(Effects and Advantages of the Invention); 

[0086] The water-absort3ing composition according to the present invention exhibits a high absorption capacity in 
absorbent articles, and further exhibits excessive-liquid permeation buffering effects greatly in high concentration por- 
tions where particles of the water-absorbing composition closely cohere. Accordingly, there are advantages in that: 
even if an aqueous liquid is injected in a large quantity at once into an absortsent article, the aqueous liquid can be pre- 
vented from leaking out from edge portions of the absorbent article due to too fast diffusion rate of the aqueous liquid 
in the absorbent article, with the result that a large quantity of aqueous liquid can be retained. 

[0087] The absorbent article according to the present invention involves the use of the water-absorbing composi- 
tion according to the present invention and therefore undergoes little liquid leakage from the periphery of the absorbent 
article in spite of extremely high water absorbency inside the absort^ent article. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0088] Hereinafter, the present invention is more specifically illustrated by the following examples of some preferred 
embodiments in comparison with comparative examples not according to the invention. However, the invention is not 
limited to these examples. 
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(EXAMPLE 1 ): 

r00891 A reaction solution was prepared by dissolving 5.91 g of polyethylene glycol diacrylate (as an internal- 
crosslinking agent) (average molar number of addition of ethylene oxide = 8) into 5.500 g of a 35.5 weight % aqueous 
solution of sodium acrylate (hydrophilic unsaturated monomef) having a neutralization ratio of 75 mol %. Next, the solu- 
tion was degassed under nitrogen gas atmosphere for 30 minutes (oxygen as dissolved in this solution was removed 
by introducing nitrogen gas into this solution for 30 minutes), and then the resultant solution was supplied into a reactor 
as prepared by lidding a jacketed stainless-steel-made twin-arm kneader of 10 liters in capacity having two sigma type 
blades While maintaining the reaction solution at 30 -C, the Internal air of the system was replaced with ""roge" 9as^ 
ro0901 Next while the reaction solution was stirred, a polymerization initiator comprising a combination of 2^7 g of 
sodium persulfate and 0.01 1 g of L-ascotbic acid was added, with the result that a polymerization reaction ^^^'^^ 
1 minute after. Then, this polymerization reaction was carried out in the range of 20-80 and. 60 mmutes after the 
initiation of the polymerizatton reaction, the polymerization reaction was finished to get out the resultant hydrogel poly- 

rO0911 The resultant hydrogel polymer had a finely divided diameter of about 5 mm. This finely divided hydrogel pol- 
ymer was spread onto a50-mesh metal gauze (mesh opening size = 300 ^m^) and then dried at 170 »C with hot air for 
65 minutes Then, the resultant dried product was pulverized with a vibration mill and then classified with metal gauzes 
of 500 urn and 425 jim in mesh opening size, thus obtaining a water-absortaent resin precursor having particle diame- 

r0M21^°° AlTam^nt^ICO weight parts of the resultant water-absorbent resin precursor was mixed with an aqueous 
surface-crossllnking agent solution comprising 0.03 weight parts of ethylene glycol diglycidyl ether. 1 weight part of pro- 
pylene glycol, 3 weight parts of water, and 1 weight part of Isopropyl alcohol. The resultant mixture was heated at 205 
°C for 40 minutes, thus obtaining a water-absortaent resin. .„»i„K» „=rte 

r00931 An amount of 1 CO weight parts of the resultant water-absorbent resin was dry-blended with 2.5 weight parte 
of a crosslinked acrylic acid polymer (trade name: Carbopole 934 P; produced by B. F. Goodrich ^P^j';^^^^^ 
aaueous solution viscosity = 40.000 cP (1 cP = 1 0'^ Pa • s) (1 weight % aqueous solution viscosity = 40 Pa • s)) as an 
excessive-liquid permeation buffer, thus obtaining a water-absorbing composition according to the present invention. 
r00941 The absorption capacity without toad and the liquid permeation buffering index of the resultant water- 
Lbsoriing composition were 36 g/g and 0.5 respectively, and the absorption capadty of the '^«"'f^"^«f^«;;^^°'2? 
composition in absorbent structures under load was 31 g/g. In addition, the particle diameters of the resultart w8te^ 
absorbing composition were almost unchanged from those of the water-absorbent resin precureor and were therefore 
in the range of 500 jim - 425 irni. 

(EXAMPLE 2): 

r00951 A water-absorbing composition was obtained in the same way as of Example 1 except that the amount of 
thTCTOssllnked acrylic acid po^^r (trade name: Carbopole 934 P; produced by B. F. Goodrich Company; 1 weight % 
ati^u^soSoncoslty = 46.000 cP (1 weight % aqueous solution viscosity = 40 Pa • s)) as added was changed to 
5 weight parte ?he absorption capacity without load and the liquid pem,eat.on buffering index of the resultant water- 
abso^ing composition were 36 g/g and 0.8 respectively and the absorption capadty of the resutent *«te;^s°*.ng 
Smposi^on in absort^ent structures under load was 30 g/g. In addition, the partide diameters of the resultemtw^r- 
absorblng composition were in the range of 600 urn - 425 pm. and the ratio of partdes having part^le diametera 
smaller than 1 06 |im in the water-absorbing composition was less than 1 weight %. 

(EXAMPLE 3): 

ro0961 A water-absorbing composition was obtained in the same way as of Example 1 except that the sort and the 
amount of the excessive-liquid permeation buffer as added were changed to a crosslinked acrylic acid polymer (trade 
name- Junron PW-150; produced by Nippon Pure Chemical Industries, Ltd.; 1 weight 'A aqueous solution viscosity = 
95 000 CP (1 weight % aqueous solution viscosity = 95 Pa • s)) and 2 weight parts respectively. The absorption capacity 
Without load and the liquid pemieation buffering index of the resurtant vj^ter-absorbing <^["P°^*'°" 
respectively, and the absorption capacity of the resultant water-absortjing composrtion in absorbent structures under 

g/g. in addiJon. the particle diameters of the resultant water-absorbing composrtion were almost 
unchanged from those of the water-absorbent resin precursor and were therefore in the range of 500 pm - 425 fun. 

(EXAMPLE 4): 

[00971 A water-absorbing composition was obtained in the same way as of Exannple 3 except that the amount of 
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the crosslinked acrylic acid polymer (trade name: Junron PW-150; produced by Nippon Pure Chemical Industries, Ltd.; 
1 weight % aqueous solution viscosity = 95,000 cP (1 weight % aqueous solution viscosity = 95 Pa -s)), as added as 
the excessive-liquid permeation buffer, were changed to 5 weight parts. The absorption capacity without load and the 
liquid permeation buffering index of the resultant water-absortoing composition were 36 g/g and 1 respectively, and the 
5 absorption capacity of the resultant water-absorbing composition in absorbent structures under load was 30 g/g. In 
addition, the particle diameters of the resultant water-absorbing composition were In the range of 600 jim - 425 jim, 
and the ratio of particles having particle diameters smaller than 106 ^m in the water-absorbing composition was less 
than 1 weight %. 

10 (EXAMPLES): 

[0098] An amount of 5 weight parts of a crosslinked acrylic acid polymer (trade name: Carbopole 934 P; produced 
by B. R Goodrich Company; 1 weight % aqueous solution viscosity = 40,000 cP (1 weight % aqueous solution viscosity 
= 40 Pa * s)) (as an excessive-liquid permeation buffer) was added and mixed into 1 00 weight parts of the water-absorb- 

15 ent resin as obtained in Example 1. Then, the resultant mixture was mixed with an aqueous solution comprising 3 
weight parts of water and 3 weight parts of isopropyl alcohol and thereby granulated with water. Furthermore, the result- 
ant mixture was cured at 80 ^'C for 30 minutes, and then allowed to pass through a screen of 600 \m\ in mesh opening 
size, thus obtaining a water- absorbing composition according to the present invention. The absorption capacity without 
load and the liquid permeation buffering index of the resultant water-absorbing composition were 38 g/g and 0.5 respec- 

20 tively. and the absorption capacity of the resultant water-absorbing composition in absorbent structures under load was 
31 g/g. In addition, the particle diameters of the resultant water-absorbing composition were in the range of 600 jim - 
425 iim. 



25 



(COMPARATIVE EXAMPLE 1): 



[0099] The water-absorbent resin as obtained in Example 1 was taken as a comparative water-absorbing agent 
(comparative water-absorbing agent (1 )). The performances of this comparative water-absorbing agent were measured 
by the aforementioned methods. As a result, the absorption capacity without load and the liquid permeation buffering 
index of the water-absorbing agent (comparative water-absorbing agent (1)) were 37 g/g and 0.3 respectively, and the 
30 absorption capacity of the water-absorbing agent (comparative water-absorbing agent (1)) in absorbent structures 
under load was 32 g/g. 

(EXAMPLE 6): 

35 [0100] A reaction solution was prepared by dissolving 2.22 g of polyethylene glycol diacrylate (as an internal- 
crosslinking agent) (average molar number of addition of ethylene oxide = 8) into 5,500 g of a 37 weight % aqueous 
solution of sodium acrylate (hydrophilic unsaturated monomer) having a neutralization ratio of 75 mol %. Next, this solu- 
tion was degassed under nitrogen gas atmosphere for 30 minutes (oxygen as dissolved in this solution was removed 
by introducing nitrogen gas into this solution for 30 minutes), and then the resultant solution was supplied into a reactor 

40 as prepared by lidding a jacketed stainless-steel-made twin-arm kneader of 1 0 liters in capacity having two sigma type 
blades. While maintaining the reaction solution at 25 **C, the internal air of the system was replaced with nitrogen gas. 
[0101] Next, while the reaction solution was stin-ed, a polymerization initiator comprising a combination of 2.4 g of 
sodium persulfate and 0.12 g of L-ascorbic acid was added, with the result that a polymerization reaction started about 
1 minute after. Then, this polymerization reaction was canied out in the range of 25-95 and, 40 minutes after the 

45 initiation of the polymerization reaction, the polymerization reaction was tinished to get out the resultant hydrogel poly- 
mer. 

[0102] The resultant hydrogel polymer had a finely divided dianrteter of atx>ut 5 mm. This finely divided hydrogel pol- 
ymer was spread onto a 50-mesh metal gauze (mesh opening size = 300 ^m) and then dried at 170 with hot air for 
70 minutes. Then, the resultant dried product was pulverized with a vibration mill and then classified, thus obtaining a 

so water-absorbent resin precursor (a) of the irregular pulverized shape. 

[0103] An amount of 1 00 weight parts of the resultant water-absorbent resin precursor (a) was mixed with an aque- 
ous surface-crosslinking agent solution comprising 0.8 weight parts of propylene glycol, 0.03 weight parts of ethylene 
glycol diglycidyl ether, 2.5 weight parts of water, and 0.8 weight parts of ethyl alcohol. The resultant mixture was heated 
at 195 **C for 45 minutes, thus obtaining a water-absoriDent resin (a), of which the absorption capacity without load was 

55 46 g/g, the absorption capacity under load was 36 g/g, the average particle diameter was 350 jim, and the ratio of par- 
ticles having particle diameters smaller than 1 06 ^m was 1 weight %. 

[0104] Next, 0.3 g of fine particulate hydrophilic silicon dioxide (trade name: Aerosil 200 (average partk:le diameter 
of primary particles =i about 12 nm); produced by Nippon Aerosil Co., Ltd.) (as an excessive-liquid permeation buffer) 
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10 



15 



20 



25 



30 



was added and mixed (dry-blended) into 100 g of the resultant water-absorbent resin (a), thus obtaining a water- 
roSrcompoT^^^n eraccording to the present invention. The particle ^^.^I^^r^^SrpS 
composition (6) were almost unchanged from those of the water-absorbent res.n (a), therefore average particte 
dimeter of the water-absorbirig composttion was 350 urn. and the ratio of particles havng part.cle d.ameters smaller 
thamoe Lim in the water-absorbing composition was 1 weight %. . ^ 

[01051 The perfomiances of the above water-absorbing composition were measured by the aforementioned meth- 
ods. Results thereof are shown in Table 1. 

(EXAMPLE 7): 

roi061 A water-absorbing composition (7) according to the present invention was obtained by adding and rnMng 
Sry-2ending) 0.1 g of fine particulate hydrophobic silicon dioxide (trade name: Aerosil R972 (average Part^'e ^'a/^J 
LforimTrv Articles - aboiA 16 nm); produced by Nippon Aerosil Co.. Ud.) (as an excessive-liquid permeation buffer) 
1' oH of ^e waiefabllnT (a) as obtai^ in Example 6 above. The particle diameters of the resultant 
water-abs'oring compos (7) were almost unchanged from those of the water-absorbent res.n (a), therefore 
Temge particte diameter of the water-absorbing composition was 350 jtm. and the retio of particles having partide 
diameteis smaller than 1 06 ym in the water-absorbing composition wras 1 weight %. 

?010^| -!Je performance^f the above water-absorbing composition were measuied by the aforementioned meth- 
ods. Results thereof are shown in Table 1 . 

(EXAMPLES): 

10108] A water-abso*ing composition (8) according to the present invention was f ^"^^^^^'"9 ^^^^^ 
drv-b ending) 0 2 g of fine particulate cationic hydrophobic silicon dioxide (trade name: Aerosil RA200HS^ produced by 
M .^on Al^ii Co Ltd^ (as an excessive-liquid permeation buffer) into 100 g of the water-absorbent resin (a) 
^S^ed m Ela^ioie cJamete,^ of the resultant water-absorbing composition (8) were almost 

unchanged fS^T^se dIhTwatSr-absorbent resin (a), therefore the average particle diameter of water-abso*ing 
compo«^s 350 ^m. and the ratio of particles havUig particle diametere smaller than 1 06 ^m in the water-absort.- 

p'lSr'°t e^eSrlnTnc^ Jthe above water-absorbing composMon were measured by the aforemenBoned meth- 
ods. Results thereof are shown in Table 1 . 

(EXAMPLE 9): 

101101 A water-absorbing composition (9) according to the present Invention was obtained 
drvSendlng) 1 5 g of polyethylenimine (weight-average molecular weight = 1 0.000) (trade narine: Epo-"'" SP-200. p«>- 
?ucerbv Son Shokubal Co.. Ltd.) (as an excessive-liquid pemieation buffer) into 100 g of the 
t) as oLineTn Example 6 a^ove.'/ls to the resultant water-absorbing composnon (9). the average particle diameter 
wis 380 urn and the ratio of particles having particle diameters smaller than 1 06 (im was 1 weight ^- , ^ 
roTllT Te pe«ces Of the above w^er-absorbing composition were measured by the aforementioned meth- 
ods. Results thereof are shown in Table 1 . 

(EXAMPLE 10): 

roil21 A reaction solution was prepared by dissolving 4.46 g of polyethylene glycol diacrylate (as an Intemal- 
Lr^Islking ageT(average molar n'umber of add.ion of ethylene oxide = 8) into 5.500 g of a 33 weight % aqueous 
solution of sodium acrylate (hydrophilic unsaturated monomer) having a neutralization ratio of 75 mol A. Next, the solu 
tion dega^Td unier nkregen gas atmosphere for 30 minutes (oxygen as dissolved in this solution was removed 
bv inTroLcin^tro^^^ gas into this solution for 30 minutes), and then the resultant solution was supplied into a reactor 
, I oTpared by 1^ a jacketed stainless-steel-made twin-am, Icneader of 1 0 Titers in capacrty having ^«o s^ma ^ 
?aSLs WWIe mai^^^^^^ the reaction solution at 25 'C. the internal air of the system was 

rollS' Next while the reaction solution was stirred, a polymerization initiator compnsing a combination of 2 4 g <rf 
Lmminium'Sut;L%nd 0.12 g of L-ascorbic acid was 

ohnnt 1 minntP after Then this polvmerization reaction was earned out in the range of c ana. w minuies diicr 

5 the SJlrn of po^SrlzSiSn reaction, the polymerization reaction was finfehed to get out the resultant hydrogel 

roi The resultant hydrogel polymer had a finely divided diameter of about 5 mm. This finely divided hyd^^f P^'- 

yollr was s^ead onto a si-mesh meL gauze (mesh opening size = 300 ^un) and then dried at 1 70 "C with hot air for 



14 



BNSDOCID: <EP. 



1072630A1J.> 



■ 



EP 1 072 630 A1 

70 minutes. Then, the resultant dried product was pulverized with a vibration mill and then classified, thus obtaining a 
water-absorbent resin precursor (b) of the irregular pulverized shape. 

[01 1 5] An amount of 1 00 weight parts of the resultant water-absorbent resin precursor (b) was mixed with an aque- 
ous surface-crosslinking agent solution comprising 0.7 weight parts of propylene glycol, 0.02 weight parts of ethylene 
5 glycol diglycidyl ether. 2 weight parts of water, and 0.7 weight parts of ethyl alcohol. The resultant mixture was heated 
at 1 85 ^^C for 40 minutes, thus obtaining a water-absorbent resin (b), of which the absorption capacity without load was 
43 g/g. the absorption capacity under load was 32 g/g, the average particle diameter was 430 ^im, and the ratio of par- 
ticles having particle diameters smaller than 106 \in\ was 3 weight %. 

[0116] Next, 0.3 g of fine particulate hydrophilic silicon dioxide (trade name: Aerosll 200 (average particle diameter 
10 of primary particles s about 12 nm); produced by Nippon Aerosil Co., Ltd.) (as an excessive-liquid permeation buffer) 
was added and mixed (dry-blended) Into 100 g of the resultant water-absorbent resin (b), thus obtaining a water- 
absorbing composition (10) according to the present invention. The particle diameters of the resultant water-absorbing 
composition (10) were almost unchanged from those of the water-absortDent resin (b), therefore the average particle 
diameter of the water-absorbing composition was 430 ^m, and the ratio of particles having particle diameters smaller 
15 than 1 06 ^m in the water-absorbing composition was 3 weight %. 

[0117] The performances of the above water-absorbing composition were measured by the aforementioned meth- 
ods. Results thereof are shown in Table 1 . 



20 




(COMPARATIVE EXAMPLE 2): 



[0118] A reaction solution was prepared by dissolving 2.72 g of trimethylolpropane triacrylate (as an internal- 
crosslinking agent) into 4,400 g of a 37 weight % aqueous solution of sodium acrytate (hydrophilic unsaturated mono^ 
mer) having a neutralization ratio of 75 mol %. Next, this solution was degassed under nitrogen gas atmosphere for 30 
minutes (oxygen as dissolved in this solution was removed by introducing nitrogen gas Into this solution for 30 minutes). 
25 and then the resultant solution was supplied into the same reactor as that used in Example 6. While maintaining the 
reaction solution at 30 ®C, the internal air of the system was replaced with nitrogen gas. 

[0119] Next, while the reaction solution was stinted, a polymerization initiator comprising a combination of. 1 .1 g of 
sodium persulfate and 1.1 g of sodium sulfite was added, with the result that a polymerization reaction started about 1 
minute after. Then, this polymerization reaction was carried out in the range of 30-80 **C and, 40 minutes after the ini- 

30 tiation of the polymerization reaction, the polymerization reaction was finished to get out the resultant hydrogel polymer. 
[01 20] The resultant hydrogel polymer had a finely divided diameter of about 6 mm. This finely divided hydrogel pol- 
ymer was spread onto a 50-mesh metal gauze (mesh opening size = 300 ^m) and then dried at 1 50 ""C with hot air for 
120 minutes. Then, the resultant dried product was pulverized with a hammer mill and then classified, thus obtaining a 
water-absorbent resin precursor (c) of the irregular pulverized shape. 

35 [0121] An amount of 1 00 weight parts of the resultant water-absorbent resin precursor (c) was mixed with an aque- 
ous surface-crosslinking agent solution comprising 1 weight part of propylene glycol, 0.05 weight parts of ethylene gly- 
col diglycidyl ether, 3 weight parts of water, and 0.75 weight parts of isopropyl alcohol. The resultant mixture was heated 
at 175 ^'C for 40 minutes, thus obtaining a water-absorbent resin (c), of which the absorption capacity witiiout load was 
40 g/g, the absorption capacity under load was 32 g/g, the average particle diameter was 350 fim, and the ratio of par- 

40 tides having particle diameters smaller than 1 06 \m\ was 8 weight 

[0122] Next, 1 9 of fine particulate hydrophilic silicon dioxide (trade name: Aerosil 200 (average particle diameter of 
primary particles = about 12 nm): produced by Nippon Aerosil Co., Ltd.) (as an excessive-liquid permeation buffer) was 
added and mixed (dry-blended) into 100 g of the resultant water-absorbent resin (c), thus obtaining a comparative 
water-absorbing composition (2). The partide diameters of the resultant comparative water-absorbing composition (2) 

45 were almost unchanged from those of the water-absort^ent resin (c), therefore the average particle diameter of the 
water-absorbing composition was 350 ^m, and the ratio of particles having partide diameters smaller than 106 in 
the water-absorbing composition was 8 weight %. 

[0123] The performances of the above water-absorbing composition were measured by the aforementioned meth- 
ods. Results thereof are shown in Table 1 . 

so 
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Absorption T 
capacity (g/g) 
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Liquid permea- 1 
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index 1 


Absorption 1 
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absorbent struc- 
tures under toad 1 


Average particle 
Qiameter syxu) i 


Ratio (wt%) Of 
particles having 
particle diame- ' 
ters smaller than 
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Example 1 
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350 
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1 Example 8 
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1 Example 9 
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30 (EXAMPLE 11): 

rai941 An absorbent structure was produced from the water-absorbing composition, as obtained in Example 1 . and 
wood pulveti^ed Pu* aJ dually used for sanitary materials such as disposable diapers. This f =0-^-^ ^^-^^^ 
of the '"ze of 120 mrS x 400 mm' comprising an outer peripheral portion of the width of 1 

sLe of 1 00 mm X 380 mm. and had water-absorbing composition concentrations of 75 «'«;9»^* ^/"^^^ ^'Sj^V^^^ 
outer peripheral portion and in the central portion respectively. The production process for this al»o*ent struoUire B 
sSd ^ fotom The outer peripheral portion of the absort,ent structure was produced by m«mg 75 weight parts of 
wateTais'rSJgTomposftto and 25 weig'ht parts of wood-puK,erized pulp (as hydrophi.te fibers) together rn ajn; -a- 
ner with a mixer and then shaping the resultant mixture Into an outer peripheral portion of a web. which had a basis 
we ghrof a^Io 094 g/cm^ asVe outer peripheral portion. In addition, the cerUra. portion of the «bsorbem ^ru<^ure 
^s oroduced by mixing 50 weight parts of water-absorbing composition and 50 weight parts of wood-pulvenz^ pulp 
^ hyrpNI« fK together in a 'dry manner with a mixer, and then shaping the resu^nt -'J- '^^^ « 
L of the above web. which had a basis weight of about 0.047 g/cm^ as the central portion. The resutent web was 
presferrder a pressure of 2 kg/cm^ (= about 196 kPa) for 1 minute, thus obtaining the absorbent structure _ 
mSS Next a back sheet (ifquid-impermeable sheet) of a nquld-lmpermeable polypropylene wift a so-calledleg 
S the above absorbent structure, and a top sheet (liquid-pemneable sheet) of a llquld^,emieable Polyp~nJene 
SI* attached to each other in this order with double coated tapes, and two so-called tape fasteners were then prodded 
to the rSutem attached product, thus obtaining an absorbent article (i.e. disposable diaper). The weight of th« absorb- 

miiT" "S^s^absorbent article was fitted up to a so-called Kewple (trademark) doll (stature: ^ ^^'Jl'^' J"" 
Sis doll was laid on rts face. Thereafter, a tube was inserted between the absorbent article and the doll to '"J^Jt 50 ml 
of Dhvs oTScil saline solution every 20 minutes into a position corresponding to where ur.ne was de^^^arged f rom a 
?uln bX-?hen t^^^^^ injection operation was ended when the injected physiological saline solution began leakrng out 
without being absorbed by the absorbent article, and the number of times o the rnjeCori was recorded. 
55 roi271 ^ a result, as shown in Table 2. the number of times of the injection was 6 (total injection quantrty = 300 ml). 
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(EXAMPLE 12): 



[0128] An absorbent article was obtained in the same way as of Example 1 1 except that the water-absorbing com- 
position, as obtained in Example 1 , was replaced with the water-absorbing composition (6) as obtained in Example 6. 
5 The weight of this absorbent article was 51 g. 

[0129] This absorbent article was measured in the same way as of Example 11 to record the number of times of 
the injection. As a result, as shown in Table 2. the number of times of the injection was 6 (total injection quantity = 300 
ml). 

10 (COMPARATIVE EXAMPLE 3): 

[0130] A comparative absorbent article was obtained in the same way as of Example 1 1 except that the water- 
absorbing composition, as obtained in Example 1 , was replaced with the comparative water-absorbing agent (compar- 
ative water-absort3ing agent (1)) as obtained in Comparative Example 1 . The weight of this conriparative absorbent arti- 
15 cie was 51 g. 

[0131] This comparative absorbent article was measured in the same way as of Example 1 1 to record the number 
of times of the injection. As a result, as shown in Table 2, the number of times of the injection was 5 (total injection quan- 
tity =250 ml). 




20 (COMPARATIVE EXAMPLE 4): 

[0132] A comparative absorbent article was obtained In the same way as of Example 1 1 except that the water- 
absorbing composition, as obtained in Example 1, was replaced with the comparative water-absorbing composition (2) 
as obtained in Comparative Example 2. The weight of this comparative absorbent article was 51 g: 
25 [0133] This comparative absorbent article was measured in the same way as of Example 1 1 to record the number 
of times of the injection. As a result, as shown in Table 2, the number of times of the injection was 5 (total injection quan- 
tity =250 ml). 
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Table 2 





Number of times of injec- 
tion 


Total injection quantity 
(ml) 


Example 1 1 


6 


300 


Example 12 


6 


300 


Comparative Example 3 


5 


250 


Comparative Example 4 ' 


5 


250 



[0134] Various details of the invention may be changed without departing from its spirit not its scope. Furthermore, 
the foregoing description of the preferred embodiments according to the present invention is provided for the purpose 
of illustration only, and not for the purpose of limiting the invention as defined by the appended claims and their equiv- 
alents. 

Claims 



1. A water-absorbing composition, which comprises a water-absorfoent resin and an excessive-liquid permeation 
buffer, wherein the water-absorbent resin is a product by a process including the step of further crossllnking the sur- 

50 face vicinity of a crosslinked polymer, with the water-absorbing composition being characterized by having a liquid 
permeation buffering index of not less than 0.4 and exhibiting an absorption capacity of not less than 25 g/g in 
absorbent structures under toad, and ifurther having an average particle diameter in the range of 200-600 iim, 
wherein the ratio of particles having particle diameters smaller than 106 (xm in the water-absorbing composition is 
not more than 5 weight %. 

55 

2. A water-absorbing composition according to claim 1, which exhibits an absorption capacity of not less than 35 g/g 
without load. 



17 



BNSOOCtD: <£P 



1072e30Al_l_> 



EP 1 072 630 A1 

3. A water-absorbing composition according to claim 1 or 2. which has a liquid permeation buffering index of not less 
than 0.5. 

4. A water-absorbing composition according to any one of claims 1 to 3. which exhibits an absorption capacit/ of not 
5 less than 30 g/g in absorbent structures under load. 

5 A water-absorbing composition according to any one of claims 1 to 4. wherein the water-absorbent resin exhibits 
' an absorption caoacity ot not less than 37 g/g without load and an absorption capacity of not less than 32 g/g under 
load. 



10 



15 



6 A water-absorbing composition according to any one of claims 1 to 5. wherein the ratio of the excessive-Uquid per- 
meation buffer is in the range of 0.001 to 20 weight parts per 1 00 weight parts of the water-absortent resin. 

7. A water-absorbing composition according to any one of claims 1 to 6, wherein the excessive-liquid pe^^^^ 
buffer is in the form of particles having an average particle diameter of not larger than 1/5 of that of the water- 
absorbent resin. 

8. An absorbent article, which comprises the water-absorbing composition as recited in any one of claims 1 to 7. 
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Fig. 2 
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